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Abstract

Research on the development of superconducting power cables for commercialization is
underway worldwide. Many demonstrations of superconducting power cables connected to real
power grids have been conducted with various designs depending on the voltage levels of the
distribution and transmission lines. In Korea, the Korea Electric Power Corporation (KEPCO)
has fully funded the Shingal Project, the first commercial project of high temperature
superconducting (HTS) power cables to connect two substations with a 23 kV HTS cable over a

distance of 1 km, and it has started operations successfully.

The advantage of superconducting cables, which have been rapidly developed in recent years, is
their capability to transmit 5—10 times more capacity than those of feeders of the same size,
making them an excellent means of avoiding building new substations and replacing
transmission cables. Given these advantages, studies on how to utilize superconducting cables
are required in high load density urban areas where installing new substations and

transmission cables is hindered by mounting public opposition.

The author conducted a study to supply power to urban areas using 23 kV HTS cables and
proposed a new power system model called the HTS power platform to prove the method’s
feasibility. This platform refers to the new configuration of an electric power grid composed of
two to three 23 kV switching stations connected with each other by the 23 kV HTS cables in
urban areas with high load densities and land costs. The size of the 23 kV switching stations is
only 20%—30% of that of the conventional 154 kV substations.

However, the disadvantage of the conventional HTS cable (three phases in one cryostat; triad

type) is that it is not easy to utilize further owing to its high investment cost. As an alternative,



the development of tri-axial HTS cables without using HTS shield wires, such as those used in
the AMPACITY project in Germany, enables cost reductions, but a limitation of the cooling
system keeps the HTS cables from exceeding a length of 1 km. Thus, technical improvements in

tri-axial HTS cables are needed to configure the HTS power platform.

This study verifies that the cable distance can be increased to 3 km by improving the cooling
configuration of tri-axial HTS cables from the conventional internal circulation to an external
circulation channel for liquid nitrogen (LN2). Consequently, the urban power supply area of the
HTS power platform can be expanded with considerable flexibility. In addition, the economic
impacts of construction environments, such as land costs, underground structures, and HTS
cables were verified by modeling them as mathematical factors. Furthermore, the optimal
circuit number and capacity ratings of HTS cables are presented through the design algorithm
development of the 23 kV HTS cable system, which is a key facility for the HT'S power platform.
This enabled a detailed verification for the installation of an HTS power platform in a real grid
in consideration of the N-1 reliability criteria and resulted in an increased feasibility of the 23
kV tri-axial HTS cables.

This doctoral dissertation is among a series of studies developing new configurations for an
HTS power platform using 23 kV HTS power cables, and it consists of six chapters. Chapter 1
presents the background, purpose, and outline of this paper. Chapter 2 describes the
configuration of the 23 kV tri-axial HTS cable system with an external return path for LNas.
Chapter 3 introduces the new design of the HTS power platform for urban power supply.
Furthermore, it explains the estimation process for the prices of tri-axial HTS cables and a
cooling system. Chapter 4 describes the economic evaluation of the HTS power platform with a
load supply capacity of up to 300 MVA in consideration of its construction environments, life
cycle cost and benefit, and closed-loop or radial type configuration. In particular, a comparison
of the total investment cost of the HTS power platforms is described to present an appropriate
HTS cable rating selection that corresponds well to the HTS power platform. Chapter 5
describes the demonstration of the 23 kV 60 MVA closed-loop HT'S power platform in an actual

power grid. Finally, chapter 6 summarizes the results and discusses future issues.



